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MONO-DIAMETER WELLBORE CASING 
Cross Refersncs To Related Applications 
This application is a continuation-in-part of U.S. utility applit^tion serial number 
09/454,139. attorney docStet nunfli)er 25791.3.02. filed on 12/3/1999. vvhic}i claimed the 
5 l>enefit of the ffling date of U.S. prcn^stonal patent application serial number 

60/1 1 1,293. attom^ docket number 25791.3. filed on 12/7/1998. the disclosures of 
which are incorporated herein by refsrance. 

This application is related to the foliovirfhg: (1) U.S. patent application serial no. 
09/454.139, attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 

10 applteation serial no. 09^10,913. attorney docket no. 2579l!7.(». filed on 2/23/2000. 
(3) U.S. patent applteation serial no. 09/502,350. attorney docket no. 25791 .8.02. filed 
on 2/10/2000. (4) U.S. patent applicatton serial no^ 09/440.338. attorney docket no. 
25791.9.02. filed on 11/15/1999, (5) U.S. patent appliartion serial no. 09/523.460. 
attorney dock^ no. :;^91 .1 1 .02, filed on 3/1 0/2000, (6) U.S. patent applteatton serial 

15 no. 09/512,895. attorney docket no. 25791. 1Z02. filed on 2/24/2000. (7) U.S. patent 
application serial no. 09(51 1 .941 , attorney docket rm. 25791 .16.02. filed on 2/24/2000. 
(8) U.S. patent application serial no. 09/588,946, attorney docket no. 25791.17.02, flled 
on 6/7/2000, (9) U.S. patent applicaation serial no. 09/559,122, attorney docket no. 
25791 .23.02, filed on 4/26/2000, (1 0) PCT patent application serial no. 

20 PCTAJSOO/18835, attorney docket no. 25791.25.02, fBed on 7/9/2000. (11) U.S. 

provisional patent applicatton serial no. 60/162,671, attorney docket no. 25791.27, filed 
on 1 1/1/1999, (12) U.S. provisional patent appiiratfon serial no. 60/154,047, attcwney 
docket no. 25791.29, flled on 9/16/1999, (13) U.S. provisional patent applioition serial 
no. 60/159,082. attorney docket no. 25791.34, fil^ on 10/12/1999, (14) U.S. 

25 proviskmal patent applicatton serial no. 60/1 59,039, attorney docket no. 25791 .36, filed 
on 10/12/1999, (15) U.S. provistenal patent application serial no.. 60/159.033, attorney 
docket no. 25791.37, filed on 10/12/19^, (16) U.S. provisional patent applicatton serial 
no. 60/212.359. aittwney docket no. 25791.38, filed on 6/19/2000. (17) U.S. provisional 
patent applteation serial no. 60/165,228. attorney docket no. 25791 .39. filed on 

30 11/12/1999. (IB) U.S. (Hoviskinal patent application serial no. 60/221.443. attorney 
docket no. 25791.45, ffled on 7/28/20(X), (19) U.S. provlsbnal patent appDcation serial 
no. 60/221 ,645, attonwy docket no. 25791 .46. fil«l on 7/28/2000, (20) U.S. provisional 
patent applteatkm serial no; 60/233,638. attorney docket no. 25791 .47. filed on 
9/18/2000^ (21) U.S. provlstonal patent ap^dicatten serial no. 60^7,334. attorney 

35 dockets. 25791 .48. filed on 10/2/2000. and.(22) U.S. previstenal patent applicatton 



serial no. 60/262.434. attorney docket no. 25791.51. flted on 1/17/2001. the disclosures 
of v»hich are incorporated herein by reference. 

Background of the Invention 

This invention relates generally to vreUbore casings, and in particular to welibore 
casings that are formed using e}(pandable tubing. 

Conventtonally. v»hen a welbore is created, a number of casings are installed in 
the borehole to prevent collapse of the borehole vvaii and to prevent undesired outflow 
of drilling fluid Into the formation or infk>w of fluid from the fbmiatton Into the borehole. 
The borehole is ddlled In intervals whereby a casing which is to be installed In a lower 
borehole interval Is tomrsfi through a previously installed casing of an upper borehole 
Interval. As a consequence of this procedure the casing of the \amr interval Is of 
smaller diameter than the raising of the upper Interval. Thus, the casings are In a 
nested arrangement wKh casing diametsfs decreasing in downward direction. Cement 
annufl are provided between the outer surfaces of the (»$ings and the borehole wall to 
seal Ihe caisines from the borehole wall. As a consequence of this riested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a laige borehole diameter involves Increased costs due to heavy rasing handling 
equipment, large drill bits and increased volumes of drilling flujd and driU cutdngs. 
Moreover, increased drilling rig time is Involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations In hole 
diametere drilled In the course of the mA\. and the large volume of cuttings drilled and 
removed. 

The present inventkxi is directed to overcoming one or more of the limitations of 
the eKisHng prooadurss for forming new sectfons of casing in a wellbore. 

Summary of the Invention 

AccoTdlhg to one aspect of the present Inventton. an apparatus for fbmiing a 
vsfBdbore casing in a borehole located in a subtenanean formation Including a 
preejdsting wellbore casing is provided that Includes a support member including a first 
fluid passage, an expanston cone coupled to the support member including a second 
fluid passage fluldidy coupled to the first fluki passage, an expandable tubular Hner 
movably coupled to the eitpansion cone, and an expandable shoe coupled to the 
expandable tubular liner. 

According to another aspect of the present invention, a shoe is provided tt»t 
Includes an upper annular portion, an intermediate annular portion, and a tower annular 
portton. The intemiediate annular portion has an outer drcumferenoe that is larger 
than the outer dreumferenoss of the upper and tower annular pt»ttons. 
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According to another aspect of the present invention, a method of forming a 
vtfGllbore casing in a subterranean formation having a preexisting wallbore casing 
positioned in a Ixmhde is provided that includes installing a tubular liner, an expansion 
ocme, and a shoe in the borehole, ifadiaily ejtpanding at least a postion of the shoe by 
5 injecting a fluidic material into the shoe, and radiaDy expanding at least a portion of the 
Itubular liner by infecting a fluidic material Into the borehole below the expansion cone. 

According to another aspect of the prsisent invention, an apparatus for fomdng ^. ^ ' 
a \ivellbore casing In a subterranean fbnnation ha\Hng a preexisting \Afelibore casing 
positioned in a borehole is provided that includes means for instalilng a tubular liner^o^ 
1 0 eitpansion cone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portiori of the tubular 
linen 

According to another aspect of the present Invention, an apparatus for forming 
a ^Ibore ^ng within a subterranean formation indudtng a preexisting wellbore 

1 5 casing positioned In a borehole is provided that includes a tubular liner, and nr^ns for 
radially expanding and <x)upling the tubular liner to an overlapping portion of the 
pr^xisting ^ilbore c^ing. The inside diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter of a non-overlapping portion of the 
preexisting weilbore (^ing. 

20 According to another aspect of the present invention, a wallbore c^sir^g 

positioned in a borehole within a subterranean formation is provided that indtsdes a first 
v^llbore rasing, and a sea)nd weHbore casing coupled to and overlapping with the first 
v^ilbors casing. The serond v^llbore casing is coupted to the first ^Olbore rasing by 
the process of: installing the second weilbore casing, an expansion oorie, and a shoe in 

25 the borehole, radially expanding at least a portion of the shoe by injecting a fluidic 
material into the shoe, and radially expanding at least a portion of the second wellbore 
casing by injecting a fluidic rraA»rlal into the bdrehde below the expansion cone. 

According to another aspect of the present invention, a method of fonrting a 
tubular structure in a subterranean formation having a preexisfing tutHJilar member 

30 positioned in a borehole is provided that tndudes installing a tubular liner, an expansion 
cone, and a shoe in the borehole, radtally expanding at least a portion of the shoe by 
injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular finer by injecting a fluidic material Into the borehole below the expansion cone« 
According to another as;^ of the present invention, an apparatus for forming 

35 a tubular strudure in a subterranean forrriation having a preexisting tubular member 
positioned in a borehde is provided that Indudes means for^instaDIng a tubular liner, an 
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expansion cone, and a shoe In the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present Invention, an apparatus for fbmning 

5 a tubular stmcture within a subterranean fomnaUon including a preexisting tubular 

member positioned in a borehole is provided that includes a tabular liner and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting tubular member. The inside diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter of a non-overtappbig portion of the 

10 preexisting tubular member. 

According to another aspect of the present invention, a tubular structure 
positioned in a borehole withbi a subtenanean fbnnation \s provided that includes a first 
tubular member and a second tubular member coupled to and overlapping with the first 
tubular member. The second tubular member is coupled to the first tubular member by 

15 the process of: installing the second tubular member, an expansion cone, and a shoe 
in the borehole, radially expanding at least a portion of the shoe by injecting a fluidic 
material into the shoe, and radially expanding at least a portion of the second tubular 
member by injecting a fluidic material into the borehole below the expansion cone. 

Brief Description of the Drawings 

20 FIG. 1 is a fragmentaiy ooss-sectionai view iilustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-secUonal view illustrating the placement of an 
embodiment of an apparatus for creating a mond-diameter weDbore casing within the 
new section of the weH borehole of FIG. 1 . 

25 FIG. 2a a cross-sectional view of a portion of the shoe of the apparatus of 

FIG.Z 

FIG. 2b is a cross^eecOonai view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2c is a cross-secUmal view of anottier portion of ttie shpe of the apparatus 
.30 ofFiaz 

F\G. 2d is a cross-secUonal view of anotiier portion of ttie shoe of the apparatus 
of FIG. 2. 

FIG. 2e a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 2a 
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FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 
hardenable fluidic sealing material through the apparatus and into the new section of 
the well t>orehote of FIG. 2. 

FIG. 3a is a cross-sectional view of a portion of the shoe oF the apparatus of 

5 FIG. 3. 

FIG. 3b is a cross-s^Amal view of a portion of the shoe of the apparatus of 
FIG. 3a. 

FIG. 4 Is a fragmentary cross-eectlonal view illustrating the injection of a fluldic 
material Into the apparatus of FIG. 3 In order to fluididy isolate the interior of the shoe, 
10 FIG.4ateacross-5ectionalviewof a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is a cross-sedional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG, 5 is a cross-secUonal view iilustrating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 is a cross-sectional view Illustrating the lowering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 Is a cross-sectional view illustrating the expansion (rf the expandable 
expansion cone of the apparatus of FIG. 6. 
20 FIG. 8 is a cross-sectional view iilustrating the injection of fluldic niaterial into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 is a cross-sectionai view illustrating the completion of the radial 
expansion of the expandable tubular nnember of the apparatus of FIG. 8. 

FIG. 10 is a cross-sectional view illustrating the removal of the t)Ottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 9. 

FIG. 1 1 is a cross-sectional view illustrating the formation of a monoKliameter 
weBbore casing that includes a (rfurality of overlapping nxxuMiiameter wellbm 
casings. 

FIG. 12 is a fr^mentary cross-sectional view illustrating the placement of an 
30 alternative emiiodiment of an apparatus for creating a mono-diameter weilbore casing 
within the weilbore of FIG. 1. 

FIG. 12a b a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 12. 

FIG. 1 2b is a cross^sectionsd view of a portion of the shoe of the apparatus of 
35 FIG.1Z 
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FIG. 12c is a cross-sectionai view of another portion of the shoe of the 
apparatusbf FIG. 1Z 

FIG. 12d is a cross-sedional view of another portion of the shoe of the 
apparatusof FIG. 12. 
5 FIG. 13 Is a fragmentary cross-sectional view illustrating the ir^edkm of a 

hardenable fluidic sealing material through the apparatus and Into the new section of 
the well t)orehole of FIG. 12. 

FIG. 13a is a cross-seciional view of a portion of the shoe of the apparatus of 
FIG. 13. 

1 0 FIG. 14 is a fragmentary cross-sectional view Illustrating the Injection of a fluldic 

material into the apparatus of FIG. 13 in order to fluididy isolate the interior of the shoe. 

FIG. 14a is a cross-sectionai view of a portion of the shoeof the apparatus of 
FIG. 14. 

FIG. 1 5 is a cross-sectional view illustrating the radial expansion of the shoe of 
15 FIG. 14. 

FIG. 16 is a cross-sectional view Illustrating the towering of the expandable 
expansion oone into the radially expanded shoe of the apparatus of FIG. 15. 

FIG. 1 7 is a cross-sedional view illustrating the expansion of the expandable 
expansion oone of the apparatus of FIG. 1 6. 
20 FIG. 1 8 is a cross-sectimal view illustrating the injection of fluidic material into 

the radially expanded shoe of the apparatus of FIG. 17. 

FIG. 1 9 is a cross-sectional view illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 18. 

FIG. 20 is a cross-sectimal view illustrating the removal of the bottom portion of 
25 . the radially expanded shoe of the apparatus of FIG. 19. 

Detailed Description of tto illustrative Embodiments 
Refening inittaUy to RGS. 1 , 2, 2a. 2b, 2c 2d. 2b. 3. 3a, 3b. 4. 4a. 4b. and 5- 
10. an emtxxlinnent of anapparatus and method for fomrting a nKMio^llameter wellbore 
casing within a subterranean fomnation will how be described. As illusbated in Fig. 1 . a 
30 wellbore 100 is positioned in a subtenanean fbnnation 105: The wellbore 100 includes 
a pre-existing cased seclion 110 having a tubular casing 115 and an annular outer 
layer 120 of a fluidic seaHng material such as. for exarTq>le, oemenL The wellbore 100 
nray be positioned in any orientation from vertical to horizontal. In several attamath^ 
emtxxliments. the preexisting cased section 110 does not include the anrujiar outer 
35 layer 120. 
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In order to oxtend the wellbore 100 into the subterranean fbrYnation 105, a drill 
strir^ 125 is used in a well kmm manner to drill out material from the subterranean 
fbnration 105 to form a new wallbore section 130. In a preferred embodiment the 
inside diameter of the new wellbore secUon 1 30 is greater than the inside diameter of 
5 the preexisting wellbore casing 115. 

As illustrated in FIGS. 2. 2a, 2b, 2c. 2d, and 2e« an apparatus 200 for fomting a 
tfi^llbore rasing in a subterranean formation is then positioned in the new sectton 130 
of flie wellbore 100. The apparatus 20O pnaferably includes an asqaanslon cone 205 
having a fluid passage 205a that supports a tubular member 210 that includes a lower 
10 portim 210a, an interm^iate portion 210b. an upper portion 21 Oc, arid an upper end 
portion 210d. 

The expanston cone 205 may be any number of conventional commercially 
available estpansion cones. In several altemative embodiments, the expansion cone 
205 may be controllably expandable on the radial direction, for exampte, as disclosed in 

15 U.S. patent nos. 5,348,(^, and/or 6,012,523, the disclosures of which are 
incorporated herein by refensnod. 

The tubular member 210 r?^ be fabricated ftom any number of conventional 
oommerdally available materials such as. for example, Oilfield Country Tubular Goods 
(OCTG), 13 chromium steel tublng/rasing, or plastic tubsng/(^ing. in a pTefem^ 

20 embodiment, the tubular member 21 0 is ^brlcated from OCTG in order to maximize 
strength after expansion. In several altenrtatlve embodiments, the tubular member 210 
n^ay be solid and/or slotted. For typical tubular member 210 materials, the length of 
the tubular member 210 Is preferably limited to betw^n about 40 to 20.000 feet in 
length. 

25 The lower portion 210a of the tubular ntember 210 prefierably has a larger 

inside diameter than the upper portion 21 Oc of the tubular member, in a prefierred 
embodiment, the wall thickness of the intemrvediate portion 21 Ob of the tubular member 
201 is less than the wall thtekness of the upper portion 210c of tlie tubular member in 
order to fecilitate the initiation of the radial expansion process. In a preferred 

30 embodiment, the upper end portion 210d of the tubular member 210 is slotted. 

perforate, or otherwise modified to catch or slow down the expansion cone 205 when 
it oonr^etes the extrusion cS titular nrtember 21 0. In a preferred ambodinrtent. wall 
thicitness of the upper end portion 21 Od of the tubular member 210 is gradually tapered 
in order to gradually reduce the r^ulred radial expansion forces duririg the latter 

35 stages of the radial expansion prcxxess. In this manner, shod^ toadir^ cortditions 
during the latter stsges of the radial expansion process are at least minintlsed. 



A shC8 215 is coupled to the Ipwar portion 210a of ttie tubuteir member. The 
shoe 215 includes an upper portim 215a, an intenmadiate portion 215b, and lower 
portion 215c having a valveable fluU passage 220 that is preferably adapted to reoetve 
a plug, dart, or other similar element for oontrollably sealing the fluid passage 220. In 

5 this manner, the fluid passage 220 rray be optin^ly sealed off by introducing a plug, 
dart and/or ball sealing dements into the fluid passage 220. 

The upper and tomt portions, 215a and 215c, of the shoe 21 5 are preferably 
substantially tubular, arid the Intermediate portion 21 5b of the shoe lis pn^erabty at 
least partially folded inwardly. Furthermore, in a prefenred embodiment, when the 

10 intermediate portton 215b of the shoe 215 is unfolded by the application of fluid 

pressune to the interior n^ion 230 of the shoe, the inside ar^ outside diameters of the 
intermediate portion are preferably both greater tten the inside and outside diameters 
of the upper and lower portions, 215a and 215a In ttiismanner, the outer 
drcurnferehce of the intenrnedlate portion 215b of the shoe 

15 than the outside circumferences of the upper and lower portions, 21 Sa and 21 5b, of the 
shoe. 

In a prefenred embodiment, the shoe 215 further includes one or more trough 
and side outlet ports in fluldic communic^tSon with the fluid passage 220. In this 
manner, the shoe 215 optimalty inject hardenable flufdic sealing material into the 

20 regton outside the shoe 215 and tubular member 210. 

In an alternative embodiment, the flow passage 220 is omitted. 
A support member 225 having fluid passages 225a and 225b is coupled to the 
expansion cone 205 for supporting the apparatus ^K). The fluid passage 225a Is 
preferably flutdiciy coupled to the fluid passage 205a. In this manner, fluEdic materials 

25 may be conveyed to and from the r^ton 230 below the expanston oone 205 and above 
the tottom of the shoe 215. Tte fyd passage 225b is prefiarably fluididy coupled to 
the fluid passage 225a and includes a conventional control valve. In this manner, 
during ptacement of the apparatus 200 within the wellbore 100, surge pressures an be 
relieved by the fluid passage 225b. In a preferred embodiment, the support member 

30 225 further Includes one or more conventional oentrallzers (not illustrated) to help 
stebilize the apparatus 200. 

During pteosment of the apparati^ 200 within the wellbore 100. the fluid 
passage 225a b preferably sele^ed to trans;^ materials such as, for example, drilling 
mud or fbrmatlOT fluids at flow rates and pressures ranging from about 0 to 3,000 

35 gaftons/minute and 0 to 9.(K}0 p^ in ofder to minimize drag on the tubular niember 
being run and to minimize surge pressures exerted on the wellbore 130 which could 
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cause a loss of weilbor^ fluids and lead to hole collapse. During placement of the 
appsinatus 200 within the weilbore 100, the fluid passage 225b is preferably selected to 
convoy fluldllc materiais at flow rates and pressures ranging from about 0 to 3,000 
galions/r?iinute arxJ 0 to 9,^ psi in mler to reduce the drag on the apparatus 200 

5 during Insoirtkm into the new section 1 30 of the welibore 100 and to minimize surge 
pressures on the new weNbore section 1 30. 

A cup seal 235 is coupled to and supported by the supportmember 225. The 
cup seal 235 prevents foseign nuiterials from entering the interior region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 may be any 

10 number of conventional commercially available cup seals such as, for example, TP 
cups, ox Selective Itr^ecUon Pecker (SIP) cups modified in accordance wHh the 
teachings of the present dlsdosuie. In a preferred embodbnent, the cup seal 235 is a 
SIP cup seal, available from Halliburton Energy Senrioes in Dallas, TX In order to 
optimally block foreign rr^terlal and contain a In several altemative 

15 embodiments, the cup seal 235 may include a plurality of cup seals. 

One or more sealing members 240 are preferably coupled to and supported by 
the exterior surface of the upper end portion 21 Od of the tubular member 210. The 
sealing memtrers 240 preferably provide an overlapping joint between the lower end 
portion 1 15a of the casing 115 and the upper end portion 21 Od of the tubular member 

20 21 0. Ttie sealing members 240 may be any number of ^^^nUc^al commerdally 
available seals sudhi as, for example, lead, rubber, Teflor^ or epoxy seals modified in 
a(x^x(rdanoe with the teachings of the present disdosure. In a preferred embodiment, 
the sealing members 240 are rrtolded from Stratalodt epoxy available from Miburton 
Energy Services in Dallas, TX in order to optimally provide a load bearing interference 

25 fit beti^^feen the upper end portion 210d of the tubular member 210 and the lower end 
portion 1 15a of the existing casing 1 15. 

In a preferred embodiment, the sealing merrdiers 240 are selected to optimaliy 
provide a sufficient frsciionat force to support the expanded tubular rmmber 210 from 
the existing casing 115. In a preferred embodiment, the fiictional force optimally 

30 provided by the seeing memb^ 240 ranges from about 1 ,000 to I.OOO.QCM) Ibf in 
order to optimally support the expanded tubular rramber 21 0. 

In an attennath^ embodiment, the sealing members 240 are omitted from the 
upper end portton 21 Od of the tubular member 210, and a load bearing metaHo-metal 
interference fit is provkSed between upper end portion of the tubular member and the 

35 lower end. portton 1 1 5a of the existing casing 1 15 by plastically deforming and radially 
expartding the tubular member into contact with the existing casing. 
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In a prsfenred embodiment, a quantity of lubricant 245 is provided in the annular 
r^fon above the expansion cone 205 within the intenor of the tubular member 210. In 
this manner, the extrusion of the tubular member 210 off of the expansion cone 205 is 
facilitated. The lubrirant 245 may be any number ^^sntional commerdally 

5 available lubrioints such as, for example, Lubriplat^^kMne based lubricants, oil 
based lubricants or Clinr^ 1500 Anttsieze (3100). In a preferred embodiment, the 
hJbricatnt 245 is Qlnnax 1500 AnOsieze (3100) available from aimax Lubricants and 
Equipment Co. in Houston, TX In order to optimally provide optimum lubrication to 
fetdlttate the expansion pmoass. 

10 in a prtsferrad embodinr^t, the support member 225 is thoroughly cleaned prior 

to assembly to the remaining portions of the apparatus 200. In this manner, the 
Production of fioTtsign material Into the apparatus 200 Is mtnlmtesd. This minimizes the 
possibilify of foreign material dogging the various flow passages and valves of the 
apparatus 200. 

15 in a pnslerred ennbodiment, before or after petitioning the apparatus 200 within 

the fym section 130 of iEhe \Afellbore 100, a couple of ^IQsore volumes are droulated in 
order to ensure that no foreign materials are located within the wellbors lOO.that might 
dog up the various flow passages and valves of the apparatus 200 and to ensura that 
no foreign miaterial Interferes with the e^nsion process. 

20 As illustrated in FOGS. 2 and 2e, in a preferred embodiment, during piaosment 

of the apparatus 200 v^ln the wellbore 1 00. fiuldic materials 250 within the welibore 
that are displaced by the appamatus are at least partially conveyed through the fluid 
passages 220, 205a, 225a, and 225b. In this manner^ surge pressures created by the 
piaosnr^nt of the apparatus witttin the wellbore 100 are reduced. 

25 As illustrated in FIGS. 3, 3a, and 3b, the fluid passage 225b is than dosed and 

a hardenable fluidic sealing material 255 is then pumped from a surfaoa location into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passs^e 205a into the interior region 230 of the shoe 215 below the expansion cone 
205. The material 255 then passes firom the interior region 230 into the fluid passage 

30 220. The material 255 then exits the apparatus 20O and flDs an annular region 260 
between the extorter of the tubular member 210 and the interior wan of the new sectton 
1 30 of the wellbore 1 00. Continued pimping of the material 255 causes the material to 
fill up at teast a portion of the annular region 260. 

The material 255 is prefisrabty pumped into the annujar r^ton 260 at pressures 

35 and flow rates ranging, for exampSe, from about 0 to 5000 psi and 0 to 1 ;500 

gailons/min, respectively. The optimum flow rate and operating pressures vary as a 
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functi<^ of the casing and wellbore sizes, wellbore section length, available pumping 
equipment, and fluid properties of the flukJic material being pumped. The optimum flow 
rate and opmting pressure are preferably detentiined using conventionat empirical 
methods. 

5 The hardenable fluidic sealing nmterial 255 may be any number of oonventional 

. commercially available hardenable fluidic sealing materials such as, for e3^mple,.8lag 
mbe. osment. latex or epoKy. In a prefidrred embodiment, the hardenabld fluidic sealing 
material 255 Is a blended cement prepared specifically for the partlculair ymW sectcon 
being drilled from Halliburton Energy Services in Dallas, TX in order to p?xyvide opitimal 

10 support for tubular member 210 \Afhile also mainta'ming optimum flow characteristics so 
as to minimize difficulties during the displacement of cement in the annular nagion 260. 
The optimum blend of the blended cement is preferably determined using conventional 
empiriral methods. In several altemative embodiments, the hardenable fluidic sealing 
nuateriai 255 is compressible before, during, or after curing. 

1 5 The annular region 260 preferably is filled virtth the material 255 in suffldent 

quantities to ensure that, upon radial e}cpansion of the tubular member 210, the annular 
rs^ion 260 of the new section 130 of the wellbore 100 will be filled with the material 
255. 

In an altemative embc^iment, the irijection of the material 255 into the annular 
20 region 260 is omitted, or is provided after the i&M expansion of the tubular member 
210. 

As illustrated in FIGS. 4, 4a, and 4b, once the annular regioh 260 has beem 
adequately filled with the material 255, a plug 265, or other similar device, is introducod 
into the fluid passage 220, thereby fluididy isoiating the interior region 230 from the 

25 annular rsgion 260. in a preferred embodiment, a non-hardenable fluidic material 270 
is ttien pumped into the interior region 230 causing the interior region to pressurise. In 
thte manner, the interior region 230 of the expanded tufaiular member 210 wHi not 
oontein s^nifi«nt amounte of the cured material 255. This also reduces and simpiifiGs 
the cost of the entire process. Altemativeiy, the material 255 may be used durir^ this 

30 phase of the process. 

As illustrated in FIG. 5. In a preferred embodiment, the continued injection of 
the fluidic nnaterial 270 pressurizes the region 230 and unfolds the interntedtete portion 
215b of the shoe 215. in a prefemsd embodiment, the outside diameter cS the unfolded 
intermediate portion 21 5b of the shoe 21 5 is greater tten tt^ outside diameter of the 

35 upper and Ic^r porttor^, 21 5a and 21 5b, of the shoe, in a prsfenned embodiment, the 
inside end outside diameters of the unfbUed Interntedeate portion 215b of the shoe 215 
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are greater ^an the inside and outside diameters, respectively, of the upper and lo\Afer 
portions, 215a and 215b, of the shoe. In a preferred embodiment the inside diameter 
of the unfolded intemDediata portion 21% of the shoe 215 is substantially equal to or 
greater than the Inside diameter of the preexisting casing 1 15 in order to optimally 

5 fedOtate the formation of a mono-diamet<^ tf^lbors casing. 

As illustrated in RG. 6, in a preferred embodiment, the e}(pansion cone 205 is 
then ksmrtsd into the urifoOded intermediate por^ In a 

prefmed embodiment, the estpanslon cone 205 is tovvered into the unfolded 
intermediate portion 215b of the shoe 215 until the bottom of the eicpansion cone is 

10 proidrrate the tomr portkm 215c of ttie shoe 215. In a prsforred embodiment, durir^ 
the kmr4ng of the expansion cone 205 Into the unfolded intennediata portion 215b of 
the shoe 21 5. the material 255 }sM\\n the annular region 280 and/or the bottom of ths 
mlbore secUon 130 rrahtalns the shoe 215 In a substantially stationary position. 
As illustrated in FIG. 7, in a prefenred embodiment, the outside diameter of the 

15 expansion oone 205 Is then increased. In a preferred embodiment, the outside 
dianfteter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,348,095, and/or 6,012,523, the disclosures of \Afhich are Incorporate herein by 
reference. In a prefenred embodiment, the outside diarrreter of the radially expanded 
expansion oone 205 is substantially equal to the inside diameter of the pnraxisting 

20 i^ilbore ^ing 115. 

In an alterr^ative embodiment, the expansion cone 205 is not lowered into the 
radially ex^nded portion of the shoe 215 prior to being radially expanded, in this 
marmer, the upper portion 210c of the shoe 210 may be radially es^nded by the radial 
expansion of the expansion oone 205. 

25 In another altemative embodiment, the expansion oone 205 is not radially 

expanded. 

As illustrated In FIG. 8, in a prsferred embodiment, a fiuidic nnaterial 275 is then 
ir^ected Into the region 230 through the fluid passages 225a and 205a. In a preferred 
embodiment, onos the interior regton 230 becomes sufficiently pressurized, the upper 

30 portion 215a of the shoe 215 and ttie tubular member 210 are preferably piasticalty 
deformed, radially expanded, arKi extruded off of the expansion oone 205. 
Furthermore, in a preferred emtK)diment, during the end of the radial expansion 
proosss, the upper portion 210d of the tubular n^siriber and the tower portion of the 
preexistirtg rising 1 15 that overlap one ancrther are siimultanTOusly ptastic^ly 

35 deforrr^ and radially expanded. In this manner, a n^no-diametervifeilborscsslng 
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may ba foTmod that includes the preexisting vvellbore casing 1 15 and the radially 
expanded tubular member 21 0. 

During the extnjsion process, the expansion oone 205 nr^y be raised out of the 
e}9>anded portion of the tubular member 210. In a prefened embodiment, during the 
5 extrusion process, the expansion oone 205 is raised at approximately the same rate as 
the tubular member 210 is expanded in order to tceep the tubular rvDember 210 
stationary relative to the t)m wellbore section 130. In this manner, an ovortapping Jdnt 
betv^n the rediaily expanded tubular member 210 and the tomr portion of the 
preexisting rasir^ 115 rr^ be optirnaByfomn^. in an aitenrtative prefemad 

10 embodiment, the expansion oone 205 is nr^ntained in a stationary position during the 
extrusion proosss thereby allowing the tubular member 210 to extrude off of the 
expanston oone 205 and into the new wellbore section 130 under the fbroa of gravity 
and the operating pressure of the interior region 230. 

In a prefemsd embodinxent, when the upper end portton 21 Od of the tubular 

1 5 member 210 and the lower portion of the preexisting casing 115 that overlap with one 
another are ptetiraliy deformed and radially expanded by the expansion ocme 205, the 
expansion cone 205 is displaced out of the wellborn 100 by both the operating 
pressure within the regbn 230 and a upwardly directed axial foroa apfM^ 
tubular support member 225. 

20 The overlapping joint between the lower portion of the preexisting casing 115 

and the radially expanded tubular member 210 preferably provides m gaseous and 
fluidio seal. In a particulariy preferred embodiment, the sealing members 245 optirrally 
provide a fluidic and gassous seal in the overlapping joint. In an alibemath/e 
embodiment, the sealing members 245 are omitted. 

25 In a prefened embodiment, the operating pressurs and flow rate of the fluidic 

rvtaterial 275 te contrbllably ramped down when the expansion cone 205 reaches the 
upper end portion 210d of the tubular member 210. In this n^ner, ^ sudden release 
of pressure dsiused by the oomplete extrusion of the tubular member 210 off of the 
expansion cone 205 ran be minimized. In a praferred embodiment, the operating 

30 pressure is reduosd In a substantially linear feshic^ from 100% to about 10% durfaig 
the end of the extrusion process beginning when the expansim oorte 205 is within 
about 5 feet from completion of the extrusion proosss. . 

Alternatively, or in combination, the wall thickness of the upper end portion 
210d of the tubular member is tapered in order to gradually raduoe the required 

35 operating pressure for plastically defbrrrdng and radially expending the upper erul 
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portion of the tubular member. In this manner, shock loading of the apparatus is at 
(east reduced. 

Alternatively, or In combination, a shock absorber is provided in the support 
member 225 in order to absorb the shock c^us^ by the sudden release of pressure. 
5 The shod( absorber may conriprise, for example, any oonventionat oommerdally 
available shock absort)er, bumper sub, or Jars adapted for use in wellbore operations. 

AHemativeiy. or in oombinatton, an expansion cone catching structurs is 
provided in the upper end portion 210d of the tubular member 210 in order to catch or 
at least decelerate the e](pansion cone 205. 
10 in a preferred embodiment, the apparatus 200 is adapts to minimize tensile, 

burst, and firictfon effects upon the tubular member 210 during the eKpansion process. 
These effects will be defend upm the geometry of the expansion cone 205. the 
material oomposition of the tubular rrvamber 210 and expansion cone 205, the inner 
dianrieterof the tubular rnsmber 210, the vi^lihickness of the the 
15 type of iubrirant. and the yield strength of the tubular member 210. In general, the 
thicker the ymW thickness, the srr^ller the inner diameter, and the gieater the yield 
strength of the tubular member 210, then the greater the operating pne^uros required 
to extrude the tubular member 21 0 off of the expansion cone 205. 

For typical tubular members 210. the extrusion of the tubular member 210 off of 
20 the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately 500 to 9,000 psi. 

During the extrusic^ process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210 at rates ranging, for example. frx>m about 
0 to 5 ft/sea In a preferred embodiment, during the extrusion process, the expansion 
25 cone 205 is raised out of the expand^ portion of the tubular noember 21 0 at rates 

ranging ftbm about 0 to 2 fl/sec in order to ndnimize the time required for the expansion 
process while also permitting easy control <rf the expansion process. 

As illustrated in FIG. 9, onoe the extmslon process is completed, Uie expansion 
cone 205 Is removed from the wellbore 1(K). In a preferred embodiment, either befbns 
30 or after the renftoval of the mpanslon cone 205. the int^rl^ 

overtopping ^nt between the upper end portton 210d of the tubular ntenrd^er 21 0 and 
the lamr end portion 1 15a of the preexisting wellbore casir^ 1 15 is tested using 
conventional methods. 

In a preferred embodiment if the fluUic seal of the overlapping Joint between 
35 me upper end portion 210d of the tubular member 210 and the lower end portion 1 1 5a 
of the casing 1 1 5 is satisfectory, than any unoured pmtion of the material 255 within the 
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Qxpandod tubular msmbar 210 is then removed in a conventional manner such as. for 
example, circulating the uncured ma&erial out of the iriterior of the eicpanded tubular 
member 210. The expansion cone 205 is then pulled out of the v^llbore section 130 
and a drill Ut or mill is used in oonn£)lnation lAfith a conventional drilling assembly to drill 
5 out any haixtened material 255 within the tubular member 210. In a preferred 
enrtbodiment, the material 255 xMAfi the annular region 2S0 is then allo^d to fuDy 
cure. 

As illustrated In FIG. 10. the bottom portion 215c of the shoe 215 may thm be 
removed by drilling out the bottom portion of the shoe usir^ conventional drilling 

10 methods. The wellbors 100 may then be extended in a oonventlonal manner using a 
conventional drillir^ assembly. In a preferred embodiment, the inside diameter of the 
extended portion of the mllbore 100 is greater than the inside diameter of the radially 
expanded shoe 215. 

As Illustrated in FIG. 1 1, the mettod of FIGS; 1-10 may be repeatedly 

15 performed in order to provide a mono-dlamteter vi^llbore csslng that includes 

overlapping mllbore casings 115 and 210a-210e. The ^llbors c^ing 1 15, and 210a* 
210e prsferably include outer annular layers of flukJic sealing rr^terial. Alternatively, 
the outer annular layers of fluidtc sealing material may be omitted. In this manner, a 
mono-dteimeter v^lbore c^ing may be formed \:M\\n the subterranean formation that 

20 extends for tens of thousands of feet. Mor9 generality still, the teachings of FIGS. 1-11 
may be used to fomi a nrK>no^iameter wellborn (^ing, a pipeline, a structural support, 
or a tunnel v^flthin a subterranean fbrmatbn at any orientatson from the vertical to the 
horiscntal. 

In a prefened embodiment, the fmnation of a nfK)no-diameter mllbors casing, 
25 as illustrated in FIGS. 1-1 1, is further provided as disclosed in one or mom of the 
foDo^ng: (1) U.S. patent appliration serial no. 09/454.139, attomey docket no. 
25791.03.02, filed on 12/3/1899, (2) U.S. patent appiicatidn seri^^ 
attomey docket no. 25791.7.02, filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502.350, attomey docket no. 25791 .8.02, fSled on 2/10/2000, (4) U.S. patent 
30 appltertion serial no. 09/440,338, attpmey docket no. 25791.9.02, filed on 11/15/1999. 
(5) U.S. patent appRcatton sertai no. 09/523,460, attomey docket no. 25791.11.02. filed 
on 3/10/2000, (6) U.S. patent application serial no. ra/512,895, attontey docket no. 
25791.12.02. filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent app!icatk)n serial 
35 no. (^1^88.946. attorn^ docket no. 25791 . 1 7.02, filed on 6/7/2000. (9) U.S. patent 
applicatton serial no. attorney docket no. 25791.23.02. filed on 4/26/2000, 
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(10) PCT patent application serial no. PCT/USOO/18635, attorney docket no. 
25791 .25.02, filed on 7/9/2000, (11 ) U.S. provisional patent application serial no. 
60/162,671. attorney docket no. 25701 .27, filed on 11/1/1999, (12) U.S. provisional 
patent applicatkm serial no. 60/154,047, attorr^y docket no. 25791 .29, filed on 
5 9/16/1999. (13) U.S. provisional patent application serial no. 60/159,082, attorney 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. pn>visional patent application serial 
no. 60/159,039. attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provistonal patent appOratfa^i serial no. 60/159.033, attt^y docket no. 25791.37. filed 
on 10/12/1999, (16) U.S. provlstonal patent applicaitbn serial no. 60/212.359, attorney 

10 docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent applicatton serial 
no. 60/165.228, attorney docket no. 25791.39. filed on 1 1/12/1999. (18) U.S. 
provlstonal patent appHcatton serial no. 60/221 ,443, attorney docket no. 25791 .45, filed 
on 7/28/2000, (19) U.S. provisional patent applicatton serial no. 60/221,645, attorney 
docket no. 25791:46. filed on 7/28/2000, (20) U.S. provfstoriai patent applteaflon serial 

15 no. 80/233,638, attorney docket no. 25791 .47. filed on 9/1 8/2000. (21 ) U.S. provbionai 
patent applic^tton serial no. 60/237.334, attorney docket no. 25791 .48, fili^ on 
10/2/2000. and (22) U.S. provisional patent appliration serial no. 60/262,434. attorney 
docket no. 25791.51, filed on 1/17/2001. the disdosunss of which are incorporated 
herein by reference. 

20 Referring to FIGS. 12. 12a. 12b, 12c, and 12d, in an alternative einbodiment. an 

apparatus 300 IFbr forming a mono-<jiam3ter weilbore casing is positk>r>ed within the 
v^bofB casing 115 that substantially identical in design and operation to the 
apparatus 200 except that a shoe 305 is substituted for the shoe 21 5. 

in a preferred embodimerit, the shoe 305 includes an upper portion 305a, an 

25 intennediate portton 3D5b, and a kmsr portion 305c having a vaiveable fiuM passage 
310 that is preferably eidapted to receive a plug, dart, or other similar elennent for 
oontroOably sealing ttie fluid passs^ 310. In this manner, the fiuid passage 310 may 
be optirratHy sealed off by introducing a plug, dart and/or ball sealing elements into the 
fluid passage 310. 

30 Tto upper and lower porttons. 305a and 305c. of the shoe 305 are preferably 

substantially tubular, and the intermddiate portion 305b erf the shc^ Includes 
oom^attons 305ba-305l)h. Furthemtore, in a preferred emt>odinf^ant, when the 
Intemiediate portion 305b of the shoe 305 is radially expanded by the apfriication of 
fiuki pT^sssurs to the interior 315 of the shoe 305, the inside and out^de diameters of 

35 the rsdially expanded intemtediate portion and preferably both greater than the inside 
and outside diameters of the upper and {ower portions, 305a and 305c. In this manner, 
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the outer circumference of the intermediate portion 20Sb of the.shoe 305 is preferably 
greater than the outer drcumferenoes of the upper and lower portions, 305a and 305c 
of the shoe. 

In a prefened embodiment, the shoe 305 further includes one or more through 
5 and side outlet ports in fluidic communication virith the fluid passage 310. In this 
manner, the shoe 305 ofrtimdiy injects hwlenable fluidic sealing material Into the 
region outside the shoe 305 iand tubular member 210. 

In an alternative embodiment the flow passage 310 is omitted. 

in a preferred embocfiment, as illustrated In FIGS. 12 and 12d, during 
10 placement of the apparatus 300 withhfi the wellbore 100, fluidic materials 250 within the 
weilbore that are displaced by the an>aratus are conveyed through the flifld passages 
310, 205a, 225a. and 225b. In this manner, surge pressures created by the placement 
of the apparatus within the wellbore 1 00 are reduced. 

In a prefenned embodirheht es Illustrated in FIG. 13 and 1 3a, the flidd passage 
15 225b is then dosed and a hardenable fluidic sealing material 255 is then pumped from 
a surface location into the fluid passages 225a and 205a. The material 255 then 
passes from the fluid passage 205a into the interior region 315 of the shoe 305 below 
the expansion cone 205. The material 255 then passes from the interior region 315 
into the fluid passage 31 0. The material 255 then exite the apparatus 300 and fills the 
20 annular region 260 t)etween the exterior of the tubular memt>er 21 0 and the interior wall 
of the new section 130 of the wellbore 100. Continued pumping of the material 255 
causes the material to fill up at least a portion of the annular region 260. 

The material 255 is preferably pumped into the annular region 260 at pressures 
and flow rates ranging, for example, ftom about 0 to 5000 psi and 0 to 1 ,500 
25 gallons/min, respectively. The optimum flow rata and operating pressures vary as a 
function cf the casing and wellbore dzes, welttxra sedipn tength. available pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably detennined using conventional emptrteal 
methods. 

30 The hardenable fluidic sealing material 255 may be any number of conventional 

oommerdaily avaitebie hardenable ftuMIc sealing materials such as, for example, slag 
mbc, cement, latex or epoxy. In a preferred mbodbnent, the hardenable fluidic sealing 
material 255 is a blended cement prepare specifically for tt)e parflcutar well sectim 
t>eing drilled from Halliburton Energy Services in Dallas, TX in order to provide optimal 

35 support for tubular memt)er 21 0 while ateo maintein^ optimum fbw charactertetics so 
as to minimize difflculties during the displaoement of cement h the annular region 260. 
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The optimum Mend of the blended cement is preferably detenrtined using conventional 
empirical methods, in several altemative embodiments, the hardenable fluldic sealing 
material 255 is compressible before, during, or after curing. 

The annular region 260 pr^rably is filled with the material 255 In sufficient 
5 quantities to ensure that, upon radial expansion of the tubular member 21 0. the annular 
region 260 of the new section 130 ofthe wellbore 100 will be fliled with the material 
255. 

in an altemative embodiment, the ir^ection of the material 255 into the annular 
region 260 is omitted. 

10 As iHustrated in FIGS. 14 and 14a, once the annular regton 260 has been 

adequately filled with the material 255, a plug 285, or other similar device, is introduced 
into the fluid passage 310. thereby fluididy isolating the intertor region 315 from the 
annular region 260. In a preferred embodiment a non-hardenable fluidic material 270 
is fhen pumped into the Interior region 31 5 causing the Interior region to pressurize. In 

1 5 this manner, the interior region 31 5 will not contain significant amounts of the cured 
material 255. This also reduces and simplifies the cost of the entire process. 
Alternatively, the material 255 may be used during this phase of the process. 

As illustrated In FIG. 15. in a preferred embodiment, the continued injection of 
the fluidic material 270 pressurizes the regton 31 5 and unfolds the corrugations 305ba- 

20 305bhof the intermediate portion 30Sb of ttie shoe 305. In a preferred embodiment, 
the outside diameter of the unfolded intemnediate portion 305b of the shoe 305 is 
greatM* than the outside diameter of the upper and lower portions, 305a and 305^ 
the shoe. In a prefened embodimerrt, the inside and outeide diameters of the unfolded 
intenmdiate portion 305b ofthe shoe 305 are greater than the inside and outeide 

25 diameters, respectiveiy, of the upp^ and lower portions, 305a and 305b, <rf the shoe. 
In a prefened embodiment the inside diameter of the unfolded Intermedtete portion 
305b of the shoe 305 is substantially equal to or greater than the inside diameter of the 
preexisting casing 305 in order to optimize the formation of a morK>-dtern^r wellbore 
casing. 

30 As Hlustrated in FIG. 16, in a preferred embodiment ttie expanston cone 205 is 

then lowered Into the unfolded intermedtete portion 305b of the shoe 305. In a 
preferred embodiment the expansion cone 205 is lowered into the unfolded 
intermediate portion 305b of the shoe 305 until the tx)ttom of the expansion cone is 
proximate the tower portion 305c of the shoe 305. In a prefenred embodiment during 

35 the lowering of the expansion cone 205 into the unfolded intenrrodiate portion 305b of 



19 



thQ shoa 305, the matorial 255 within the annular r^ion 260 maintains ttie shoa 305 in 
a suibatanQally stationary position. 

As iHustrated in FIG. 17, in a prsferred embodimant. the outside diameter of the 
expansion cone 205 lis tten increased. In a prsfened embodiment, the outside 
5 diameter of the expansion cone 205 is inoeased as disclosed in U.S. patent nos. 
5,348t095t and/or 6,012,523, the disclosures of which are inoorporats herein by 
lefertdnoa. In a preferred embodiment, the outekle diameter of the radially expanded 
expansion oone 205 Is substantially equal to the inside diameter of the preexisting 
\flfeDbore rasing 115. 

10 In an alternative embodiment, the expansion cone 205 is not lowered into the 

radially expanded portion of the shoe 305 prior to being nadially expanded. In this 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion oone 205. 

in another aiterrtative embodiment, the expansion oone 205 Is not radially 

15 expanded. 

As ilOustrated in FOG. 18 Jn a preferred embodiment, a fiuldic material 275 is 
then inj^ted into the region 31 5 through the fluid passages ^5a and 205a. In a 
prefesnred embodiment, once the interior mgton 315 becomes suffldentiy pressurized, 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 

20 plastically deformed, radially expanded, and extriKjed off of the expansion cone 205. 
Furthemrtos^, in a preferred embodirnent during the end of the radial expansion 
process, the upper portion 21 Od of the tubular member and the lower portion of the 
preexisting rasing 1 1 5 that overiap with one another are simultaneous plastiraily 
defomr^ and radially expanded. In this it^nner, a mono-diameter wellbore rasing 

25 may be formed that includes the preexisting wellbore casing 1 15 and the radialiy 
expanded tubular member 210. 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of ttie tubular member 210. In a preferred embodirnent, during the 
extrusion process, the expansion oone 205 is raised at approximately the same rate as 

30 the tubular member 210 Is expanded in order to keep the tubular member 210 

stationary relaUve to the new wellbore section 130. In this manner, an overiapping joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting rasing 115 nnay t>e optimally formed. In an alternative prefem^l 
embodiment, the expansion cone 205 is maintained in a stationary portion durir^ the 

35 extntsion ITO08SS thereby allowing the tubuterirorrtber 210 to exb^ 
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e)cpansion cone 205 and into the new wellbore section 1 30 under the force of gravity 

and the operating pressure of the interior region 230. 

In a preforred embodiment, ^en the upper end portion 210d of the tubular 

memtier 210 and the lower portion of the prsesdsting rasing 1 15 that overlap vi/tth one 
5 another aita plastically defonhed and radially expanded by the expansion cone 205, the 

expansion oone 205 is displaoed out of the vveiibora 100 by both the operating 

pressure the region 230 and a upv^rdly directed axial force applied to the 

tubular support ntember 225. 

The overlapping joint bebA^een the \omr portion of the preexisting radng 115 
10 and'the radially expanded tubular nteml^er 210 preferably provides a gaseous and 

fluidie seal. Dn a particularly prefened embodiment, the sealing members 245 optimally 

provkto a fluidie and gaseous seal in the overlapping joint in an atterruitive 

embodiment, ttte seating members 245 are omitted. 

In a preferred onnibodiment, the operating pressure and flow rate of the fluidie 
15 material 275 is rontrolilablly ramped down when ttie expansion cone 205 reaches the 

upper end portion 21 Od of the tubular member 210. In this manner, the sudden release 

of prtessure caused by the complete extrusion of the tubular member 210 off of the 

expansion cone 205 can be minimised. In a prefened smbcxiliment, the operating 

pressure is reduced in a substantially linear ^hion from 100% to about 10% during 
20 ttie end of the exSrusion process beginning vi^n the expansion cone 205 is within 

about 5 feet from completion of the extrusion procass. 

Alternatively, or in oombinatic^, tiie wall thickness of the upper end portion 

21 Od of the tubular member is tapered in order to gradually reduce the raqulred 

operatinsg pressure for plastically defbnning and radially expanding tiie upper end 
25 portion of the tubular member. In ttiis manner, shock toading of the apparatus may be 

at teast partially minirnized. 

Alterinatively, or in combination, a shock absorber is provided in the support 

member 225 in order to absorb the shock caused by the sudden release of pressure. 

The shock absort^ nray oomprise^ for example, any conventional commffltially 
30 avsilabte shock absori>{^ adapted for use in wellboreoperattons. 

Alternatively, or in oombinaU(»i, an expanston cone catehing structure is 

provide in the upper erKi |[K>rHori 210d of tiie tubudar member 210 in mJer to catch or 

at least decelerate the expansion oone 205. 

In a prefer?^ embodiment, the apparatus 200 is adapted to minimize tensile, 
35 burst, and friction effe^ upon the tubular member 210 during the expansion prooass. 

These efiiecis v^ll be depend upon the geometry of the expansion cone 205, the 
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.matorial composition of the tubular merrd^er 210 and expansion con® 205, the inner 
diamater of the tubular mambar 210, the mil thickness of the tubular member 210, the 
type of lubrirant« and the yield strength of the tubular member 21 0. Iln general, the 
thicker the wall thickness, the smaiter the inner diameter, and the greater the yield 

5 strength of the tubular member 210, then the greater the operating pressures required 
to extrude the tulnjiar member 210 off of the expansim cone 205. 

For typiral tubuleir members 210, the exinision of the tubular member 210 off of 
the expansion cone 205 m\\ begin when the prsssure of the interior in^ion 230 
reaches, for example, appiroxirratoly 500 to 9,000 psi. 

10 E>uring the extrii^ion process, the expansion cone 205 may be raised out of the 

expanded portion of the tubular member 210 at rates rar^ing. for eiotmpie, from about 
0 to 5 Ws®c in a preferrsd embodiment, during the e}ctnisk>n process, the expansion 
oone 205 is raised out of the expanded porSon of the tubular member 21 0 at rates 
rar^ing from about 0 to 2 Ws&c in order to minimize the tbne required for the expansion 

15 process while also permitting easy control of the expanstonprooess. . 

As illustrated in FDG. 19, once the extnjston prooess is completed, the 
expansion cone 205 is removed from the \;iA8llbore 100. In a prefierrad embodiment, 
either before or after the removal of the expansion cone 205, the integrity of the fluidic 
seal of the overiapping jdnt bebA^n the upper end portion 21 Od of the tubular nrtember 

20 21 0 and the lo^r end portion 1 1 5a of the preexisting wellbore casing 1 1 5 is tested 
using conventional methods. 

In a preferred embodiment, if the fluidic seal of the overiapping Joint betw^n 
the upper end portion 210d of the tubular memb^ 210 and the Ic^r end podksn 1 15a 
of the c^ing 1 15 is satisfeicSory, then any uncured portbn of the material 255 v#hln the 

25 expandi^ tubular member 210 is then removed in a conventional mann^ such as, for 
example, circulating the uncured material out of the interior of the expanded tubular 
member 21 0. The expansion cone 205 is then pulled out of the v^Ubore section 1 30 
and a drill bit or mill is used in combination with a conventional drilling assembly to drill 
out any hardened mat^al 255 within the tubular member 21 p. In a preferred 

30 embodiment, the material 255 within the annular region 260 is then allowed to fully 
cure. 

As illustrated In FIG. 20, the bottom portiOT 305c of the shoe 305 may then be 
renu>ved by drilling out the botl«m portion of the shoe uslr^ oonveriUonal drilling 
methods. The ^Ibore lOOmay then be extended in a conventional manner using a 
35 conventional drilling assennbly. In a prsfiaired ornbodnrient, the inside diarra 
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Gxtmtted portion of the wellbore is greater than the inside diameter of the radially 
expanded shoe 305. 

The method of FIGS. 12-20 may be snepeatedty performed in order to provide a 
mono-diamiator v^llbore casing that includes overlapping \ivelibore asings. The 

5 overlapping wellbore casing preferably include outer annular layers of fluidic sealing 
mabnial. ADtematively, the outer annular layens of fluidic sealing material may be 
omitted. In this manner, a rnbno-dlameter wellbore casing may be fonned within the 
sidyterranean ilbrmation that extends for tens of ttousands of feet More generally sffil, 
the teachiitgs of FIGS. 12«20 may be used to form a mono^iameter wellbora casing, a 

10 pipeline, a structural support, or a tunnel within a subterranean formation at any 
ortentatlion from the verti^ to the horizontal. 

In a preferred embodiment, the formation of a mono-diameter wellbore casing, 
as illustrated in FIGS. 12-20, is further provided as disclosed In one or more of the 
fUlgwing: (1 ) U.S. patent application serial no. 09/454.1 39, attorney docket no. 

15 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serlsA no. 09/510,913, 
attorney dot&et no. 25791.7.02, ifiled on 2^2000, (3) U.S. patera apprK^tion serial 
no. 09/502.350, ation^y docket no. 25791.8.02, filed on 2/10/2000. (4) U.S. patent 
appflCTttton serial no, 09/440,338, attorney docket no. 25791.9,02, ffited on 11/15/1999, 
(5) U.S. patent application serial no. 09/523,460, attomey docket no. 25791.11.02, filed 

20 on 3/10/2000. (6) U.S. patent application serial no. 00/512.895. attomey docket no. 
25791.12.02, filed on 2/24^000. (7) U.S. patent application serial no. 09/511,941, 
attomey docket no. 25791.16.02. filed ori 2/24/2000, (8) U.S. patent application serial 
no. 09/588,846, attomey docket no. 25791.17.02, filed, on 6/7/2000, (9) U.S. patent 
application serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/20k>0, 

25 (10) PCT patent appHcatton serial no. PCT/US0W18635. attorney ctocket no. 
25791 .25.02, filed on 7/9/2000, (1 1 ) U.S. provistonal patent application serial no. 
60/162,871, attomey docket no. 25791.27, filed on 11/1/1999, (12) U.S. proviskHial 
patent application serial no. 60/154,047, attomey docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provistonal patent ap^teaten serial no. 60/159,082, attorney 

30 docket no. 25781.34, fited on 10/12/1999, (14) U.S. provistonai patent application serial 
no. 60/159,039. attomey docket no. 25781.36, filed on 10/12/1888, (15) U.S. 
provistonal patent application serial no. 60/158,033. attcnney docket no. 25791.37. filed 
on 10/12/1998, (16) U.S. provisional patent ap|Micatk3n serial no. 60/212,359. attomey 
docket no. 25791.38, filed on 6/19/2000. (17) U.S. provistonal patent application serial 

35 no. 60/165.228, attomey docket no. 25791,39. fBed on 11/12/1999, (18) U.S. 

provtetonal patent application serial no. 60/221 ,443, attomey^docket fr\6. 25791.45, filed 
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on 7/28/2000, (1 9) U.S. provisional patent application serial no. 60^1 ,645, attorney 
docket no. 25791 .46, fil^ on 7/28/2000, (20) U.S. provisional patent appUration serial 
no. 60/233,638, attorney docicet no. 25791.47, filed on 9/18/2000, (21) U.S. provisional 
patent application serial no. 60^7,334, attorney dock^ no. 25791.48, on 
10/2/2000, and (22) U.S. provisional patent appliration serial no. 60/262,434, attonr^ey 
docket no. 25791.51, filed on 1/17/2001, the disclosures of \j^ich are inoorporated 
herein by re^noe. 

In several aitematlve embodiments, the apparatus 200 and 300 are used to 
<brm and/or repair wellbore casings, pipelines, and/or stnicturai supports. 

in several altemative eir^iments, the Ibkied geometries of the shoes 215 and 
305 are provided in acoordanod with the teadiings of U.S. Patent Hos. 5,425,559 
and/or 5,794,702, the disclosures of which are inoorpc^ated herein by reference. 

An apparatus for fom^ng a wellbore casing in a i^rehole tocated in a 
subterranean formation including a pree^dsting \Afeilbore ^ng has been described Hhat 
includes a support member induding a first fluid passage, an expansion c^e coupled 
to the suppt^ member induding a second fluid passage fluididy coupled to the flrst 
fluid passage, an expandable tubular liner movabty raupied to the eitpansion cone, and 
an expandabte shoe coupled to the expandable tubular lir>er. In a preferred 
embodiment, the expansion cone is expandable. In a preferred embodiment, the 
expandable shoe Indudes a valveable fluid passage for oontrollling the flow of fluidic 
materials out of the expandable shoe. On a prefiarred embodiment, the expandable 
stws indudes: an expandable portion and a remaining portion, wherein the outer 
drcum^rence of the expandable portion is greater than the outer drcumference of the 
remaining portion* in a preferred embodiment, the expandable portion indudes: one or 
more inward fdds. In a preferred embodintent, the expandable portion indudes: one or 
more oonugations. Sn a preferred embodiment, the expandable shoe Indudes: one or 
more inward folds. In a preferred embodiment, the expandable shoe indudes: one or 
more comigations. 

A shoe has also been described that indudes an upper annular portiori, an 
intenmedlatB annular portion, and a tower annular portion, whereon the intemnedtete 
annular portion has an outer drcumference that is larger than the outer drcumferenoes 
of the upper and lower annular portions. In a preferred embodiment, the lower annular 
portion indudes a valveable fluU passage for contrdGng the flow of fluidic materials out 
of the shoe. In a preferr^ embodiment, the intemned*^ pt^n indudes one or more 
inward foMs. In a preferred embodinr\ent, the intsmiediate portion indudes one or more 
corrugations. 
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A method of forming a wellbore casing in a subtenanean fomiation having a 
prsexisting mlibone casing posMoned in a bomhole has also been described that 
indudas Installing a tubular linor, an expansion oona, and a shod in th® bomhote. 
radially ®}(panding at laast a portton of the shoe by injecting a fluidic matariai into the 

5 shoe, and radially expanding at least a portion of the tubidar liner by injecting a fluMic 
material Into the bcmhole belovif the expansion cone. In a preferred embodiment, the 
method further indudes radially depending the expansion In a pretfimed 
embodiment, the mettuKi further includes low^s^ng the expansion cone into the radially 
expanded portion of the shoe, and radially expanding the expansion cone, in a 

HO preferred embodiment, the method further includes radially exparKiing at least a portion 
of the shoe and the tubular liner by injecting a fluidic materteil into tl^ borehole below 
the radially expanded expansion cone. In a preferred embodiment, the method further 
Includes injecting a hardenable fluidic sealing materteil into an annuius befefi/een the 
tubular liner and the borrstiole. In a preferred embodiment, the method further includes 

15 radially expanding at least a portion of the preexisting mllbore casing. In a preferred 
embodorrtent, the rnethcd further includes overlapping a portion of the radially 
expanded tubular liner with a portion of the preexisting ^llbore casing. In a prefermd 
embodinmnt, the inside dianrteter of the radially expanded tubular liner is substantially 
equal to the inside diameter of a nonoveriapping portion of the preexisting v^ilbore 

20 casing. In a preferred embodiment, the rmthod further includes applyir>g an axial force 
to the expansion cone. On a preferred embodiment, the inside dianieter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
tubular liner. 

An apparatus for fining a vi^eilbore (^ing in a subterranean formation having 
25 a preexisting ^llbore losing positioned in a borehole has also been described that 
Includes means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially exparKiing at least a portion of the tubular liner. In a preferred embodiment, the 
apparatus further includes means tor radially expanding the expansion oone. In a 
30 pnsferred embodint^nt, the apparatus furtfier indiKies means for lowering the 

expansion cone into the radially expanded portion of the shoe, and mear» radially 
expanding the expansbn oone. In a prefi^rM mrixxlirYtertt, the apparatus fUrthe^ 
indudes means for Injectfrig a fluidic material into the bcxehoie beiow the radially 
expand<^ expansion cone. In a prefsrred embodirrtent, the apparatus further indudes 
35 means for injecting a hardenable fluidic sealing material into an annuius between the 
tubular liner and the bOTehole. In a prBfeired embodbrtant, the apparatus further 
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Include means for radially expanding at least a portion of the preexisting wellbore 
casing, in a preferred embodiment, the apparatus further includes means for 
overlapping a portion of the radially e^^nded tubular liner with a portion of the 
pfR^}d3ting weltbore casing. In a prefmned embodiment, the ir^ide diameter of the 

5 radially eitpanded tubidar Ibm is substantially equal to the inside diameter of a 

nonbveriappir^ portion of the pree^dsting vtfellt>ore csoslng. In a preferred embodiment, 
the apparatus fiirf^^ includes means for applying an asdal force to the expansion cone. 
In a prafeired ^tibodbnmt, the inside diameter of the radteilly expanded shoe is greater 
than equal to the inside diameter of the radially expancted tubular liner. 

10 An apparatus for forming a ^libone ^Ing within a subterranean fomi^on 

including a preenteting weilbore casing positioned in a borehole has also been 
described that indiKies a tubular l\mr and means for radially exparKiing and coupling 
the tubular liner to an overlapping portion of the preexisting weiibcm casing. The 
insMe diameter of the radially expanded tubular liner is substantially equal to the inside 

1 5 dianteter of a non-overlapping portion of the preexistinkg weilbore c^ng. 

A w&llbor5 casing positioned in a borehole \Afithin a subtennanean formation has 
also been described that includes a first v^libcre casing and a second v^lbora casing 
coiQ>led to and overlapping the first mllbore (^slng, wherein the second wellbore 
^Ing Is TOupl^ to ttie first v^llbore ^ing by the process of: installing the second 

20 wellbcHe casing, an expansion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material into the shoe, and radially 
expanding at l^st a portion of ^ second welSbore c^sir^ by injecting a fluidic rraterlal 
into ttie borehole below the expansion cone. In a preferred embodiment, tire process 
tor forming the v^lbore (^ing further Indudes radiaHy expanding the expansion cone. 

25 In a preferred embodiment, thai process for forming the wellbore casing further indudes 
lowing the expansion cone into the radially expanded portion of the shoe, and radially 
expending the expansion cone. In a preferred embodiment, the process for forming the 
vf^bbre casir^ further includes radially expanding at least a portion of the shoe and 
the second vvellbora casing by injecting a fluidic nrateirial into the borehole below the 

30 radially expanded expansion cone. In a preferred embodiment, the process for formir^ 
the vveilbore ^ing further indudes injecting a hardenable ifluidic sealing material into 
an annulus betvsfeen the second wellbore casing and the borehole. In a (mfenred 
entbodiment, the proosss tor fmning the wellbore casing further includes radialiy 
expancfing at least a portion of the first wellbore oising. In a preferred embodiment. 

35 the process for forming the mil tore casing further indudes overlapping a portion of the 
radis% expanded seccmdweOborG<^ng with a In 
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a pnafarred embodiment, the inside diameter of the radially expanded second weilt)or8 
casing is sutistavitially equal to the inside diameter of a nonoverlapping portion of the 
first v^illK)re »sing. in a preferred embodiment* the prooess for forming the wellbora 
casir^ further includes applying an anal foros to the expansion cone. In a preferred 
5 emibodiment. the inside dtametar of the radially expanded shoe Is greater than or equal 
to the inside diam^ of the radtelly exparided second weilbore rasing. 

. A method of formir^ a tubular structure in a subten^nean fonmation having a 
pree^dsting tubtdar member positiioned in a borehole has also been described that 
indudes InstaDIng a tubidar liner, an expansion oorte, and a shoe in the borehole, 

10 fEXlHaily expandbig at least a portion of the shoe by ir^ecting a fluidic material into the 
shoe, and radially e^^anding at least a portion of the tuibuiar liner by injecting a fluidic 
materiallnto the bovehoie below the expansion cone, in a preferred embodiment, the 
method further tridudes radially expanding the e^pqsar^sion cone. In a preferred 
embodiment, the method further indudes lowering the expansion cone into the radially 

US expand^ portion of the shoe, and inadlally expanding the expansion cone. In a 

prtefenred embodiment, the rrothod further indudes radially expanding at least a portion 
of the shoe and the tubular liner by injectsng a fluidic material into the borehole below 
the radially expanded eicpansion oone. In a prefenned embodiment, the method further 
indiides injecting a harctenable fluidic sealing material into an annulus between the 

20 tubular liner and the borehole. In a preferred embodiment, the method further indudes 
radially expanding at least a port&on of the preexisting tubular member. In a preferred 
embodlrmnt, the method further indudes overlapping a portion of the radially 
expanded tubular liners a portion of the preexisting tubular nrtember. In a preferred 
entfmJiment, the inside diameter of the radtelly expanded tubular liner is substantially 

25 equal to the inside diameter of a nonovertapping portion of the preexisting tubular 
member. On a pnaferred ervibodlnnent. the nriethod further indudes 
foroe to the ^cpansion ocme. In a prefenred embodiment the inside diameter of tto 
radially expanded shoe is greater than or equal to the inside diameter of the radially 
expanded tubular liner. 

^ . An apparatus tor fbrmb^ a tubular structura in a subterranean formation having 
a preesisting tobular merr^r positioned in a borehole has also been described that 
indudes means for installing a tubular liner, an expansion cone, and a shoe in the 
bom^u>te, rneans for rsdially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the tubular liner. In a preferred embodiment, the 

35 apparatus further indudes means for radially expanding the expansion cone. In a 
preferr\^ errdiodiment the ap;^iratus further indudes means for levering the 
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Gjcpansion cone into the radially expanded portion of the shoe, and means for radially 
QKpandIng the expansion cone, in a preferred embodiment, the apparatus further 
includes means for injecUng a fluidic nrntsiM into the borehole fallow the radially 
expanded expansion cone. In a preferred endmliment, the apparatus further includes 

5 means for injecting a hardenable fluidic sealing material into an annulus betv^n the 
tubular Uner and the borehole. In a preferred embodiment, the apparatus further 
includes means for radially expanding at least a portion of the preexisting tubular 
member. In'a preferred embodiment, the apparatus further ihdudes rrieans f^ 
overlapping a portion of the radlsdiy expanded tubular liner with a portion of the 

10 pr^xistir^ tubular member. In a prefened embodiment, the inside diameter of the 
rsidiaiiy expanded tobular liner is sijrt^tantiaRy equal to the Inside dtesmetsr of a 
rtonoveriapping portion of the preexisting tubular member, in a preferred embodiment, 
the apparatus further Includes mearis for applying an axial force to the expansim cone. 
In a preferred embodiment, the Inside diameter of the radially expanded shoe is greater 

15 than or equal to the inside diameter of the radially expanded tubular bier. 

An apparatus for forming a tubular structure viMnSn a subterranean ferrr^rtion 
induding a preexisting tubular member positioned in a (borehole has also been 
described that indudes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the pn^xistiing tubular member. The 

20 inside diameter of the radially expanded tubular liner Is substentialty equal to the inside 
diameter of a non-overlapping portion of the preexisting tubular member. 

A tubular structure petitioned in a borehole within a subterranean fonnation has 
also been desoribed that indudes a first tubular member and a second tubular member 
coupled to and overlapping with the first tubular member, wheiein the second tubular 

25 member is coupled to the first tubular member by tte process of: installing the second 
tubular member, an expansion cme, and a shoe In the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic n^iterial Into the shoe, and radbBy 
^tpandlng at least a portion of the second tiri>ular member by injecting a fluidic material 
into the borehole below the expansion cone. In a preferred enribodlment, the ;»ocess 

30 for forming the tubular structure forthsr indudes radially expanding the expansion cone, 
in a preferred embodiment, the prooass for forming the tubular structure further 
indudes lowering the expansion cone Into the radiaily expanded portton of the shoe, 
and radially expanding the expansion oone. In a preferred embodiment, the process 
for forming the tubular structure forther indudes radially expandir^ at least a portion of 

35 the shoe and the second tubular rnember by Injecting a fluidic material into the 

borehole below the radially expanded expansion cone. . In a prefmed embodiment the 
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process for forming the tubular sbuctune further includes irijecting a hardenable fluidic 
sealing material into an annulus t>etween the second tubular member and the borehole. 
In a prefefred embodirront the proc^ for forming the tubular structure further 
includes radially expanding at least a portim of the first tutujtar member: In a preferred 

5 embodiment, the process for fomting the tubular structure further includes overla|>ping 
a portion of the radially expanded second tubular membw with a portion of the first 
tubular member. In a preferred embodiment, the inside diameter of the radiafly 
expanded second tubular member is siri>stantially equal to the inside diameter df a 
nonovertapping portion of the first tubular member, in a preferred embodbnent, the 

10 process for fonning the tubular stmcture further Includes applying an axial force to the 
expansion cone. In a preferred embodiment, the inside dianneter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radiaHy expanded 
second tubular member. 

Although illustrative embodiments of the Invention have been shown and 

15 described, a wide range of modification, dianges and substitution is contemplated in 
the foregoing dtsdosure. in some instances, some features of the present invention 
may be employed without a corresponding use of the other features. Accordingly, it is 
appropriate that the appended daims be construed broadly and in a manner consistent 
with the scope of the invention. 
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1 . An apparatus for forming a waHbore casing within a subterranean formation 
including a preexisting weiibore casing positioned in a boreliole, comprising: 

5 a tubular linen and 

means for radially expanding and ooupHng the tubular Hner to an overlapping 
porfon of the preexisting weiibore casing; 

wherein the inside diameter of the radially mpanded tubuiar Dner is equal to the 
inside diameter of a non-overlapping portion of the preexisting vifeilbore casing. 

10 

2. An apparatus for forming a tubuiar structure within a subterranean fomnation 
including a preexisting tubuiar member positioned in a borehole, comprising: 

a tubular linen and 
means for radially expanding and coupling ttie tubuiar liner to an overlapping 
15 portion of the preexisting tubuiar member; 

wherein the inside diameter of the radially expanded tubular liner is equal to the 
insicte diameter of a non-overlapping portion of the preexisting tubular member. 
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Claims 

1. An apparatus for formlr^ a vi^tlbore casing in ^ 

subterranean fomiation including a preexisting wejibore casing, comprising: 
5 a support memt>er including a first fluid passage; 

an expansion cone coupled to the support member including a seoorKl fluid 

passage fluidicly coupled to the first fiuid passage; 
ah expandable tubular lineir movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

2. The apparatus of dairh 1 . wherein the expansion cone is expandable. 

3. The apparatus of daim 1 , wherein the expandable shoe includes a vatveable fluid 
passage for controlling the flow of fluidic materials out of the expandable shoe. 

15 

4. The apparatus of daim 1 > wherein the expandable shoe indudes: 
an expandable portion; and 

a remaining portion coupled to the expandable portion; 
wherein the outer drcumference of the expandable portion is greater than the 
20 outer drcumference of the remaining portion. 

5. The apparatus of daim 4. wherein the expandable portion indudes: 
one or more inward folds. 

25 6. Thei apparatus of daim 4, viAierein the expandable portion indudes: 
one or more corrugations. 

7. The apparatus of daim 1 , wherein the expandable shoe indudes: 
one or more inward folds. 

30 . 

B. The apparatus of daim 1 , wherein the expandable shoe indudes: 
one or more corrugations. 

9. A shoe, comprising: 
35 an upper annular portion; 

an intemnediate annular pcxtion coupled to the upper annular portion; and 
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a lower annular portion coupled to the intermediate portion; 

wherein the intermediate annular portion has an outer drcurnfen^noe that i$ 

larger than the outer dniufTtferenoes of the upper and lower annular 

portions. 

10. The shoe of dalm 9, wherein the lower annular portion includes a valveat)le fluid 
passage for oontroDing the flow of fluidic materials out of the shoe. 

1 1 . The shoe of dalm 9, wherein the intemnediate portion indudes: 
one or more inward folds. 

12. The shoe of dalm 9, wherein the Intermediate portion indudes: 
one or more corrugations. 

13. A method of forming a wetlt>pre casing in a subterranean fbnnatlon having a 
preexisting welitx)re casing positioned in a txxehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radialty expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. 

14. The method of dalm 13. further comprising: 
radially expanding the expan^ori cone. 

15. The method of dalm 13, further comprising: 

lowering the expansion cone Into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

1 6. The method of dalm 1 5. further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic material into the borehde below the radially expanded 
expansion cone. 

1 7. The method of dalm 1 3, further comprising: 



32 



injedtr^ a hardenabie fluidic seaDng matBrial into an annulus between the 
tubular liner and the biDrehole. 

18. The method of daim 13, further comprising: 

5 radially expanding at least a porGon of the preexisting wellborecasi^^ 

19. The method of daim 18, further comprising: 

overtapping a portion of the radially expanded tubular lirier with a portion of the 
preexisting welibore casing. 

10 

20. The ntethod of daim 1 9, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to or greater than the inside diameter of a 
nonoveriapping portion of the pree)dsting welltxxe casing. 

15 21. Themethodof daim 18, further comprising: 
applying an axial force to the expansion cone. 

22. The method of daim 1 3, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 

20 expanded tubular Hner. 

23. An apparatus for forming a weilbore casing in a subterranean fomnatlon having a 
preexisting weilbore casing positioned in a t)orehole, oxmprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
25 borehole; 

means for radially expanding at least a portion of the shoe by Injecting a fluidic 

niateriai into the shoe; and 
means for radially expanding at least a portion of the tutnilar finer by injecting a 

fluidic material into the borehole beiow the expansion cone. 

30 

24. The apparatus of daim 23, further comprising: 
meians for radially expanding the expanston cone. 
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25. 



The apparatus of daim 23. further comprising: 

means for lowering the expansion cone into the radially expanded portion of the 
stK)e; and 
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means for radially expianding the expansion cone. 

26. The apparatus of datm 25. further oomprising: 

means for Injecting a fluidic material Into the t>orehole beton the radially 
expanded expansion cone. 

27. The apparatus of daim 23/further comprising: 

means for Ir^ectirq a hardenable fluidic sealing material into an annulus 
between the tubular liner and the Ixxrehole. 

28. The apparatus of daim 23, further comprising: 

means for radially expanding at least a pc^n of the preexisting wellbore 
casing. 



15 29. The apparatus of daim 28, further comprising: 

means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting weltbore casing. 

30. The apparati^ of daim 29, wherein the inside diameter of the radially expanded 
20 tubular liner is substantially equal to the inside diameter of a nonoveriapping portion of 
the preexisting weiibore casing. 



31. The apparatus of daim 28t further comprisliig: 

means for applying an axial force to the expansion cone. 

25 

32. The apparatus of daim 23, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 

30 33. An apparatus for fomiing a weiibore casing virtthin a subterranean fomnation 
including a preexisting wellbore casing positioned in a borehole, comprising: 
a tubular liner, and 

means for radlaDy expanding and coupling the tubular liner to an overtapping 
portion of the preexistir^ wellbore casing; 
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Wherein the inside diameter of the Fadialiy expanded tubular liner is 

sut>stantiaUy equal to the inside diameter of a non-overiapping portion of 
the preexisting wellt>ore casing. 

S 34. A wellbore casing positioned in a borehole within a subterranean fbrmatfon, 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and ovtdrtapfring vOh the first wellbore 
casing; 

10 wherein the second weHbore casing is coupled to the first wellbore casing by 

the process of: 

installing the second wellbore casing, an expansion oone, and a shoe in 
the borehole; 

radially e}q)andlng at least a portion of the shoe by injecting a fluidic 
15 material into the shoe; and 

radially expanding at least a portion of the second wellbore casing by 

Irijecting a fluidic material into the borehole below the expansion 

cone. 

20 35. The wellbore casing of daim 34, wherein the process further comprises: 
radially expanding the expansion cone. 

36. The weilbore casing of daim 34, wherein the process further comprises: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
25 radially expanding the expansion cone. 

37* The weilbore casing of daim 36* wherein the process further comprises: 

radially expanding at least a portion of the shoe and the second wellbore ca^ng 
by injecHng a fluidic material into the borehole below the radially 
30 expanded expansion cone. 

38. The wellbore casing of daim 34, wherein the process further comprises: 
injecting a hardenabie fluidic sealing material into an annulus between the 
second wellbore casing and the borehole. 

35 • 

3g. The wellbore casing of daim 34, wherein the pnx»ss further conrtprises: 



35 

radiaily expanding at least a portion of the first wellt)ore casing, 
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40. The weilbore casing of daim 39, wherein the process further comprises: 
overtyping a portion of the radially expanded second weilbore casing with a 

portton of the first weilbore casing. 

41 . The weilbore casing of daim 40, wherein the inside dianieter of the radially 
expanded second weilbore casing is substantially equal to 
nonovertapping portion of the first weilbore casing. 

42. The weilbore casing of daim 39, wherein the process further comprises: 
applying an axial force to the expanston cone. 

43. The weilbore casing of daim 34, wherein the inside diameter of the radially 
1 5 expanded shoe is greater than or substantially equal to the inside diameter of the 

radially expanded second weBbore casing. 

44. A method of fbnning a tubular structure in a subterranean formation having a 
preexisting tubular member positioned in a borehole, comprising: 

20 Installing a tubular liner, an expansion cone, and a shoe In the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by Injecting a fluidic 
material into the borehole below the expansion cone. 

25 

45. The mettK)d of daim 44, furtiier comprising: 
radially expanding the expansion cone. 

46. The method of daim 44, further comprising: 

. 30 lowering the expansion cone Into the radially expanded portion of the shoe; and 

radially expanding flie expansion cone. 

47. The mettiod of daim 46, further comprising: 

radially expanding at least a portion of the ishoe and the tubular liner by injecting 
35 a fluidic material into the borehole below the radially expanded 

expansion cone. 
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48. The method of daim 44, further comprising: 

injecting a hardenable fluidic sealing material into an annulus l)etween the 
tut)ular liner ami the borehole. 
5 ■ . • . . 

49. The method or daim 44, further comprising: 

FBdialiy expanding at least a portion of the preexisting tubular member. 

50. The method of daim 49, further comprising: 

10 overfapping a portton of the radially expanded tubular liner with a portion of the 

preexisting tubular member to provide a load bearing interfece and a 
fluldicseal. 

51 . The method of daim 50, wherein the inside diameter of the radially expanded 
IS tubular liner is substanfially equal to the Inside diameter of a, nonoverlappirig portion of 

the preexisting tubular member. 

52. The method <rf daim 49, further comprising: 
applying an axial force to the expansion cone. 

20 

53. The method of daim 44, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded titular liner. 

25 54. An apparatus for forming a tubular structure in a subterranean fbmnation having a 
preexisting tubular member positioned In a borehole, oomprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole; 

means for radially expanding at least a portion of the shoe; and 
30 means for radially expanding at least a portion of the tubular liner. 

55. The apparatus of daim 54, further comprising: 

means for radially expanding the expansion cone. 



35 56. The apparatus of daim 54, further comprising: 
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means for lowering the expansion cone into the radialiy expanded portion of the 
shoe; and 

means for radially expanding the expansxm cone. 

5 57. The apparatus of daim 56, further oompridng: 

means for injecting a fluidic material Into the borehole be\aw the radially 
expanded expansion cone. 

58. The apparatus of daim 54, further comprising: 

10 means for injecting a hardenable fluidic sealing material into an annulus 

between the tubular liner and the borehole. 

59. The apparatus of daim 54. further comprising: 

means for radially expanding at least a portion of the preexisting tubular 
15 member. 

The apparatus of daim 59, furtt>er comprising: 
meians for overiapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 
interface and a fluidic seal. 

61 « The apparatii» of daim 60, wher^'n the inside dianrieter of the radially expanded 
tubular liner Is substantially equal to the inside diameter of a nonovertapping portion of 
the preexisting tubular member. 

25 

62. The apparatus of daim 59, further comprising: 
means for applying an axial force to the expansion cone. 

63. The apparatus of daim 54, wherein the Inside diameter of the radially expanded 
30 shoe is greater than or substantial^ equal to the telde diame^ of the radially 

expanded tutnilar liner. 

64. An apparatus for forming a tubular structure within a subterranean formation . 
Induding a preexisting tutnilar member positioned in a borehole, comprteing: 

' 35 a tubular liner; and 



60. 
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means for radially expanding and coupling the tubular liner to an overlapping 

portion of the preexisting tubular memtien 
wherein the inside dianneter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a non-overlapping portion of 

the preexisting tubular member. 

65. A tubular stnicture positioned in a borehole within a subterranean fomnatton, 
comprising: 

a first tubular member, and 

a second tubular member coupled to and overlapping witti the first tubular 
member; 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

Installing the second tubular number, an expansion cone, and a shoe in 
the borshole;. 

radially expanding at least a portion of the shoe by Injecting a fluidic 

material into the shoe; and 
radially expanding at least a portion of the second tubular member by 

injecting a fluidic material into the borehole below ttie expansion 

cone. 

66. The tubular structure a daim 65. wherein the process further comprises: 

radially expanding ttie expansion cone. 

67. The tubular stmcture of daim 65, wherein the process further comprises: 

lowering ttte expansion cone into the radially axpanded portion of the shoe; and 
radially expanding ttie expansion com. 

68. The tubidar structure of daim 67, wherein the process further comprises: 

radially expanding at least a portion of ttie shoe and ttie second tubular mmiber 
by Injecting a fluidic material into the borehole below the rediaily 
expanded expansion cone. 
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The tubular structure of daim 65. wherein the process further comprises: 
injecting a handenable fluidic sealing material Into an annulus between the 
second tubular member and the t>orehole. 
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70. The tubular stmcture of daim 65, wherein the process further comprises: 
radially expariding at least a portiori of the first tubular rneinber. 

5 71 . The tubular structure of dalm 70, wherein the process further comprises: 

overlapping a portion of the radially expanded second tubutar member with a 
portion of the first tubular member. 

72. The tut>ular structure of daim 71 , wher^ the inside diameter of the radially 
10 etxpanded second tubular member is substantially equal to the inside diameter of a 

nonoverlapping portion of the first tubular member. 

73. The tubular structure of daim 70, wherein the pix>cess further cornprisM 

applying an axial force to the expansion cone. 

15 

74. The tubular structure of dalm 65, wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second tubular member. 

20 75. An apparatus for forming a wellbbre casing in a borehole located in a 
subtenanean fomnation induding a preexisting weilbore casing, comprising: 
a support member indudlng a first fluid passage; 
an expandable expansion cone coupled to. the support member Induding a 
second fluid passage fluididy coupled to the flrst fluid passage; 
25 an expandable tubular liner movably coupled to the expansion cone; and 

an expandable shoe coupled to the expandable tubular finer comprising: 

a valveable fluUI passage for controlling the flow of fluldic materials out 

dl the expandable shoe; 
an expandable portion induding one or more Inward folds; and 
30 a remaining portion oou{4ed to the expandable portion: 

wherein the outer drcumference of the expandable portion Is greater 
ttan the outer drcumference of the remaining portion. 



76. A shoe, comprising: 
35 an upper annular portion; 



an Intermediate annular portion coupled to the upper annular portion including 

one or more inward folds; and 
a lower annular portton coupled to the intemiediatd portion including a 

vahreable fluid passage for controlling the flow of fluidic materials out of 

the shoe; 

wherein the Intermediate annular portion has an outer drcumferenoe that is 
larger than the outer drcumferenoes of the upper and lower annular 
porfions. 

77. A method of fomning a wellbore casing in a subterranean formation having a 
preexisting wellboria casing positioned in a txmhde, comprising: 

instelling a tubular liner, an expansion cone, and a shoe in the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

lowering the expansion cone Into the radially expanded portion of the shoe; 
radially expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by injecHng a fluidic 

material into the borehole below the expansion cone; and 
overtapping a portion of the radially expanded tubular liner with a portion of the 

preexisting wellbore casing; 
wherein the insMe diameter of the radially expanded shoe is greater than or 

sut>stantially equal to the inside diameter of the radialiy expanded 

tubular liner; and 
wherein the inside diameter of the radially expanded tubular liner is 
substantially equal to or greater than the inside diarmter of a nmoverlapping 
portion of the preexisting wellbore casing. 

78. An apparatus for fonming a wellbore casing in a subterranean fbmiation toving a 
preexisting wellbore casing positioned in a bcKehde. comprising: 

means for Installing a tubular liner, an expansion cone, and a shoe in the 
txmhoie; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

rtiaterial Into the shoe; 
means for lowering the expansion cone into the radially expanded portion off the 

shoe; 

ineans for radially expanding the expansion cone; 
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means for radially expanding at least a portion of the tubular liner by injecting a 
fluidic nnaterial bito ttm borehole below the radtaOy expanded expansion 
oone; 

means for radially expanding at least a portion of the preexisting weilbore 
5 casing;and 

means for overtapptng a portion of the radially expanded tubular liner with a 

portion of the preexisting wellbora casing; 
wherein the inside diameter of the radially expanded shoe to greater than or 

substantially equal to the inside diameter of the radialiy expanded 
10 tubular liner, and 

wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoverlapping portion of 

the imexisting wellbore casing. 

15 79. A welibore casing positioned in a borehole within a subterranean formation, 
comprising: 

a first welibore casing; and 

a second welibore casirig coupled to and overiapping with the first welibore 
casing; 

20 wherein the second welibore casing is coupled to the first welibore casing by 

the process of: 

installing the second welibore casing, an expansicfn cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 
25 material into the dice; 

lowering the expansion cone into the radialiy expanded portion of the 
shoe; 

radially expanding the expansion cone; 

radially expanding at least a portton df the second welibore casing by 
30 Injecting a fltddic material into the borehole below the radially 

expanded expansion oone; and 



overiapping a portion of the radially expanded second welibore casing 
with a portion of the first Weilbcxfe casing; 
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wherein the inside diameter of the radially expanded shoe is greater 
than or substantially equal to the inside diameter of the radially 
expanded second wellbore casir^; and 

wherein the inside diameter of the radially expanded second wellbore 
casing is substantially equal to the indde diameter of a 
ruxioverlapping portion of the first weObore casing. 

80. A rn6thod of fonming a tubular structure in a subterranean formation having a 
preexisting tubular member positioned in a borehote, Gcmpris^^^^ 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

lowering the expansion cone Into the radially expanded portion of the shoe; 
radially expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by Injecting a fluidic 

material Into ttie borehole below the radially expanded expansion cone; 
and 

overiapping a portion of the radially expanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing interface and a 
fluidic seal; 

wherein the Inside diameter of the radially expanded shod is greater than or 

substantially equal to the Inside diameter of the radially expanded 

tubular liner, and 
wherein the inside diameter cf the radially expanded tubular liner is 

substantially equai to ttie Inside diameter of a nonoveriapi^ng portion of 

the preexisting tubular menter. 

81. AnapparatieforfonningatubularstniCturelnasiAterTaneanfomra 
preexisting tubular member positioned in a borehote, comprising: 

means for installing a .tubular Hner, an expan^on cone, and a shoe in the 
. borehole; 

means for radially expanding at least a portion of the shoe; 
means for lowering the acpanslon cone into the radially expanded portion of the 
shoe; 

means for radially expanding the expansion cone; 

means for radially expanding at least a portion of the tubular linen and 
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means for overlapping a portion of the radially expanded tubular Oner with a 
portion of the preexisting tubular meniber to provide a load 
interface and a fluidic seal; 

wherein the inside diameter of the radially expanded shoe is greater than or 
5 sut)stantially equal to the inside diameter cf the radially expanded 

tubular linen and 

wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the Inside diameter of a nonoverlapplng portion of 
the preexisting tubular member. 

10 

62. A tubular structure positioned in a borehote within a subterranean fonnation, 
comprising: 

a first tubular member; and 

a second tubular memt>er coupled to and overlapping with the first tubular 
15 member, 

wherein the second tubular member Is coupled to the first tubular member by 
the process of: 

installing the second tubular member, an expansion cone, and a shoe in 
the borehole; 

20 radially expanding at least ia portion of the shoe by injecting a fluidic 

matoriallnto the shoe; ' 
lowering the expansion cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 
25 ' radially extending at least a portion of the seoxid tubular rnernber by 

injecting a fluidic matariai into the borehole below the radially 
expanded expansion oone; and 
overlapping a portion of the radially expanded second tubular member 
with a portion of the first tubular member; 
30 wherein the inside diameter of the radially expanded shoe is greater 

than or substentlally equal to the inside diamet^ of the radially 
expanded second tubular memt>en and 
wherein the inside diameter of the radially expanded second tubular 
member is substantially equal to the inside diameter of a 
35 nonovertappingp(^tx)n of the first tut>ularrnember. . 
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